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水平上比较研究了四条主要 MAPK 信号通路的代表激酶 MEK1E、MKK3b、
MKK5D 和 MKK7D 过表达对 293T 细胞的影响。结果发现，转四种激酶基因细
胞的形态变化相似，但是细胞周期变化稍微不同，MKK3b 引起 293T 细胞 S 期
停滞，而其他的 3 种激酶则导致细胞 G2 期停滞。四种激酶共引起 293T 细胞 11
个蛋白质表达改变，但各自的差异蛋白表达谱并不相同。在 11 个蛋白质中，有
7 个为本论文首次发现与 MAPK 有关。同时，还比较研究了 p38 信号通路中 p38α、
β及其下游底物 MK2 和 PRAK 过表达对 293T 细胞的影响，筛选鉴定了 13 个差
异表达蛋白质，这些蛋白质为本论文首次发现与 p38 信号通路有关。 
采用功能蛋白质组学以及细胞分化分析技术研究了抗癌药物HMBA 对胃癌




诱导 SMMC-7721 和 HepG2 细胞发生凋亡。首先研究了 EPI 对 SMMC-7721 细胞
总蛋白质表达的影响，得到 11 个差异表达蛋白。其中有 3 个已经证明与阿霉素
或 EPI 诱导细胞凋亡有关。这些蛋白质通过控制细胞骨架以及细胞核酸损伤而诱
导 SMMC-7721 细胞凋亡。同时，还采用亚蛋白质组学方法平行研究了 EPI 对
HepG2 细胞膜、核蛋白质表达的影响，共鉴定到 18 个差异表达膜蛋白和 11 个差
异表达核蛋白。在 29 个差异表达蛋白质中，有 6 个蛋白质已经被证实是促凋亡



















Western-blot 技术研究发现在 EPI 诱导细胞凋亡过程中 p62 发生从细胞质到细胞
核。这种移位说明 P62 很可能在 EPI 诱导细胞凋亡过程中发挥重要作用。 
在国际上首次采用亚蛋白质组学方法研究了小鼠腹水瘤巨噬细胞对大肠杆
菌的免疫应答过程中膜蛋白变化。结果发现，大肠杆菌可引起细胞生长减慢，并
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Abstract 
It has come a realization of the complexity molecular events that lead to 
malignancy and progress of cancer, and therapy of cancer in fact means the 
interference with such process by anti-cancer drugs. Signal transduction, induction 
differentiation, apoptosis and tumor immunity are the most important four fields of 
tumor research. Proteomics-based approaches, which enable the quantitative 
investigation of both cellular protein expression levels and protein-protein interactions, 
promise to define the molecules controlling the process under different physiological 
conditions. In this thesis, proteomics approaches and cellular and molecular biological 
methods are applied to investigate signal transduction, induction differentiation, 
apoptosis and tumor immunity, hoping to elucidate the molecular mechanism of such 
processes. 
Comparative proteomics approach, flow cytometry, and morphologic methods 
are used to study the effect of over-expressions of four MAPK 
kinases:MEK1E,MKK3b,MKK5D and MKK7D, which represent MKKs of the four 
main MAPK pathways, on 293T cells at cellular and protein levels. Our results show 
the similar morphologic change and different cell cycle arrest, in which MKK3b leads 
to the S phase accumulation, while the other three MKKs lead to the G2 phase 
accumulation. Eleven differential expression proteins are screened and identified from 
293T cells with four MKKs genes transfections. Of eleven proteins, seven proteins are 
firstly found to be invovled in MKKs in my thesis. At the same time, this study also 
compares the effect of p38α、β and their substrates: MK2 and PRAK, and 13 
differential expression proteins are identified to be associated with P38 signal 
pathway. 
Functional proteomics approach and cellular differential analysis techniques are 
used to characterize the effect of HMBA on the BGC-823 cells, showing that 5mM 
HMBA can induce the differentiation of BGC-823 cells and firstly identify 5 
differential expression proteins 
Subproteomics approach combining with Western-blot and apoptosis analysis 
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of EPI anti liver cancer cells. Results suggest that 10 μg/mL EPI noticeably induces 
apoptosis of SMMC-7721 and HepG2 cells. 11 differential expression proteins are 
identified from the whole proteome of SMMC-7721 cells, in which three have been 
testified to be involved in the apoptosis induced by EPI in previous studies, while the 
others are novel apoptosis-associated proteins found firstly in this thesis. Furthermore, 
these proteins may induce the apoptosis of SMMC 7721 cells though disturbing the 
cytoskeleton system and promoting DNA damage. While the apoptosis of HepG2 
cells stimulated by EPI is also parallel studied with subproteomic approach, eighteen 
membranous proteins and eleven nuclear proteins are identified to be involved in 
apoptosis, in which, six are proapoptic proteins, and four are antiapoptic proteins, the 
other nineteen proteins are novel apoptosis-associated proteins which play the 
important role in extensive cellular events such as cytoskeleton, growth, metabolize 
and or so. Comparison shows that SMMC 7721 cells and HepG2 cells share similar 
apoptotic mechanism and undergo the marked apoptosis through breaking the balance 
between proapoptotic and antiapoptotic regulators of apoptosis pathways after EPI 
stimulation. However, their apoptosis-associated protein spectrum is different. In 
addition, P62, a mRNA binding protein, is found to translocate from cytoplasm to 
nuclei in both cell lines during the procession of apoptosis caused by EPI with 
immunohistochemistry and Western-blot. The translocation suggests that P62 play 
some important roles in the apoptosis induced by EPI. 
In this thesis, subproteomics approach is firstly applied to investigate the change 
of membranous proteins of RAW 264.7, macrophage cell, in response to EHEC 
O157 H7∶ -EDL933. Cells death and growth arrest are observed after incubation with 
E. coli for 6 hours, and 24 differential membranous proteins are identified with 
proteomics approach, in which five are immuno-related proteins, and seven are 
involved in interaction between cells and bacterium, the others are involved in various 
process, which provides useful data for further understanding of a molecular 
mechanism of immunoresponse between cell and bacterium.  
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图 1-1 蛋白质组学研究基本流程  










的性质进行分离，所以 2-DE 是分辨率 高的一种高通量蛋白质分离技术，也是
蛋白质组学研究中 主要 常规的分离技术。采用 2-DE 可以在每块胶上分离
1500-3000 个蛋白点，这是当今所有二步分离方法中 为有效的方法。依靠放大
胶技术增加 pH 范围，甚至可以分离 5000-11000 个蛋白点[7]。 
30 多年来，人们在重复性和分辨率方面对 2-DE 进行了一系列的改良。其













肿瘤细胞蛋白质组学研究: 过表达 MKKs、抗肿瘤药物作用和对细菌应答的功能蛋白质组学 
 13
大地增加了 2-DE 的上样量、重复性和分辨率，而且将碱性蛋白的分离范围扩大




光标记混合样品作为内标，然后将 3 种荧光标记的样品混合在一起进行 2-DE 分
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